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This invention relates to novel chemical compounds,
to pharmaceutical compositions therewith and to meth-
ods for their use. Particularly, the invention relates to
new compositions of matter which have sedative activity
and which are generally useful in alleviation of nervous
tension and anxiety in human beings.

The compounds of this invention may be generally
described as carbamyl derivatives of 2,3,4,5-tetrahydro-
1,5-benzodiazepines and may be represented by the fol-
lowing structural formula:

1y
N—CH
\ 2
/
/ Rs
T
Rs: Ry

Tn the formula X represents hydrogen, halogen and
lower alkyl groups, R stands for the group —CONH;,
R; is hydrogen, R;, Ry, Rz and R, represent hydrogen
or lower alkyl radicals.

The ensuing description of the various compounds of
our invention can best be followed by using the
diagrammed 1,5-bendodiazepine nucleus as a referent:
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A detailed description of methods of preparing these
compounds is set forth in the following examples:

EXAMPIE 1

I-carbamyl-2-methyl-2,3 4,5-tetrahydro-1,5-
benzodiazepine

(A) A mixture of 2-methyl-4-0x0-2,3,4,5-tetrahydro-
1,5-benzodiazepine (35.2 g., 0.2 mole) (prepared accord-
ing to a procedure described by Ried and Urlass, Ber., 86,
1101 (1953)), nitrourea (25.2 g., 0.24 mole) and 150
ml. of absolute ethanol was heated at 70° for three
hours. Most of the solid material dissolved and the
crystals began to separate from the solution. Then the
mixture was heated under reflux for four hours. After
thoroughly cooling, the crystals were collected, washed
with cold absolute ethanol and dried. The white crystals
(28.3 2., 65%) melted at 244-245°. ‘

Analysis—Calcd. for C;;H3N304: N, 19.17. Found:
N, 18.92.

(B) A suspension of lithium aluminum hydride (11.4
g., 0.3 mole) in tetrahydrofuran (250 ml.) was stirred,
while 1-_carbamyl-z-methyl-4-oxo-2,3,4,5-tetrahydro-1,5-
benzodiazepine (43.8 g., 0.2 mole) was added portion-
wise over a thirty-minute period.. After stirring for an-
other thirty minutes at room temperature, the thick mix-
ture was diluted with an additional 100 ml. of tetrahy-
drofuran and heated under gentle reflux for ome hour.
The mixture was cooled to room temperature and 12 ml.
of water was added cautiously. Then 9 ml. of 20%
sodium hydroxide was added and followed by 42 ml. of
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water. The salts were removed by filtration and washed
with tetrahydrofuran. The combined filtrates and wash-
ings were dried over magnesium sulfate and the solvent
was removed by distillation. The residue was heated to
boiling with 200 ml. of benzene, and the crystals which
did not dissolve were collected, washed with water and
dried. The product (22.4 g., 55%) melted at 191-192°.

Analysis—Caled. for CyHjsN3O: N (basic), 6.82.
Found: N (basic), 6.82.

Alternate procedure for preparing I-carbamyl-2-methyl-
2,3,4,5-tetrahydro-1,5-benzodiazepine

(1) I-benzyl-4-methyl-2,3,4,5-tetrahydro-1,5 -benzodi-
azepine—2-methyl-2,3,4,5-tetrahydro-1,5- benzodiazepine
(60 g., 0.37 mole) (obtained by first reducing the above
2-methyl-4-0x0-2,3,4,5-tetrahydro - 1,5 - benzodiazepine),
benzyl chloride (47 g., 0.37 mole) and 500 ml. of abso-
lute ethanol were heated under reflux for two hours.
After standing overnight the alcohol was removed by
distillation, and the residue was shaken with 200 ml. of
ether and 300 ml. of water. Then the mixture was
made alkaline with aqueous sodium hydroxide. The ether
layer was withdrawn, dried over magnesium sulfate
and fractionally distilled. The 1-benzyl-4-methyl-2,3,4,5-
tetrahydro-1,5-benzodiazepine (34.1 g., 53% based on
the starting material not recovered) was collected at 162—
163° under 0.4 mm.

Analysis—Calcd. for CyHgNy: N, 11.10. Found:
N, 11.18.

(2) 5-benzyl-1-carbamyl-2-methyl-2,3,4,5 - tetrahydro-
1,5-benzodiazepine—1-benzyl-4-methyl-2,3,4,5 - tetrahy-
dro-1,5-benzodiazepine (33.5 g., 0.133 mole) and nitro-
urea (16.8 g., 0.16 mole) were mixed in 75 ml. of warm
isopropanol. The mixture was heated just short of re-
flux for two hours and then under reflux for two hours.
The solvent was removed by distillation and the syrupy
residue was crystallized from a mixture of benzene and
Skellysolve “C.” The crude product (36.7 g., 94%)
melted at 135-138°. Recrystallization from ethyl acetate
gave 20.7 g. (53%) of the 5-benzyl-1-carbamyl-2-meth-
yl-2,3,4,5-tetrahydro-1,5-benzodiazepine which melted at
143-144°. An additional quantity (10.5 g.) of less pure
(M.P. 120-130°) material was recovered from the mother
liguor.

Analysis—Caled. for CigHyN;O: N (basic), 4.74.
Found: N (basic), 4.78.

(3) 1-carbamyl-2-methyl-2,3,4,5-tetrahydro-1,5-benzo-
diazepine—Three grams of palladium chloride on Darco
G-60 (5% Pd) mixed with 100 ml. of isopropanol was
reduced by shaking under three atmospheres of hydrogen
for a few minutes. Then 5-benzyl-1-carbamyl-2-methyl-
2,3,4,5-tetrahydro-1,5-benzodiazepine (9 g., 0.03 mole)
was added; and the mixture was shaken under three at-
mospheres of hydrogen. The theoretical quantity of hy-
drogen was taken up in 45 minutes. The mixture was
acidified with 1:1 hydrochloric acid to dissolve the crystals
which had separated out. The catalyst and carbon were
filtered off through a sintered glass filter. The solvent
was removed by distillation and the residue was taken up
in dilute hydrochloric acid. The solution was clarified
with carbon and the free base was liberated with potas-
sium carbonate. The 1-carbamyl-2-methyl-2,3,4,5-tetra-
hydro-1,5-benzodiazepine (4.9 g., 71%) melted at 192~
193°.

Analysis—Caled. for Cy;H;sNsO: N (basic), 6.82.
Found: N (basic), 6.86.

EXAMPLE II

" 1-carbamyl-4-methyl-2,3 4,5-tetrahydro-1,5
benzodiazepine

About’ 162.2° g. of 2-methyl-2,3,4,5-tetrahydro-1,5-
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benzodiazepine (see Example I, Alternate Procedure,
Step 1) in 500 ml. of isopropanol was treated with 115.6
g. of nitrourea which was added in one portion. The
mixture -was. warmed until the reaction started and heat
was applied intermittently thereafter to sustain the reac-
tion so that there was a vigorous evolution of nitrogen.
After about one hour the spontaneous reaction was com-
plete .and the mixture was heated at gentle reflux for
fifteen minutes. Sufficient isopropanol was added so that
the solid material dissolved completely in the hot mixture.
The dark red solution was clarified with decolorizing car-
bon, concentrated to 500 ml. and set aside to crystallize.
_ The crude product weighed 153 g., 75%, and melted at
155-165°.

This was dissolved in hot methanol, carboned and
treated with an excess of methanolic hydrogen chloride.
The solution was concentrated by boiling and isopropa-
nol was added from time to time until crystals began
to form. There was obtained 159 g. of crystalline hy-
drochloride which melted at 223°.

Analysis—Calcd. for C;;H;6CIN;O: Cl, 14.67. Found:
Cl, 14.73. :

EXAMPLE It

1 -carbamyl—2,4-d1'metﬁyl—2,3,4,5 -tetrahydro-1,5
benzodiazepine

About 45 g. (0.256 mole) of 2,4-dimethyl-2,3,4,5-tet-
rahydro-1,5-benzodiazepine was dissolved in 200 cc. of
isopropanol; treated with 30 g. (0.286 mole) of nitro-
urea and heated to 70°.. After the evolution of gas had
subsided the mixture was refluxed for one hour. The
solvents were removed under reduced pressure and the
residue was dissolved in 250 cc. of IN HCI and filtered
to remove insoluble material. The filtrate was made al-
kaline with K,CO;. The solid which separated was fil-
tered, washed free of alkali and crystallized from 200
cc. of isopropanol. There was obtained 26.5 g. (47%)
of product melting at 214-216°,

Analysis—Calcd. for C;5Hy7N50: N, 6.39.  Found: N,
6.38.

The free base dissolved in methanol was treated with
anhydrous HCI in isopropanol. The hydrochloride which
crystallized melted at 192-194°. -

Analysis—Caled. for CyH;sCIN;O: N, 5.48; CI,
13,86. Found: N, 5.37; Cl, 13.62.

The starting material in this experiment was prepared
by reacting o-phenylenediamine with acetylacetone (2,4-
pentanedione) to yield 2,4-dimethyl-1,5,3-benzodiazepine
according to .a procedure. described by Thiele and Stei-
mig, Ber. 40, 955 (1907). The unsaturated intermedi-
ate was then hydrogenated in the presence of a platinum
oxide catalyst to give 2,4-dimethyl-2,3,4,5-tetrahydro-1,5-
benzodiazepine.

EXAMPLE IV

I-carbamyl-3-ethyl-2,3 4,5-tetraliydro-1,5-benzo-
diazepine

- This compound was prepared from 3-ethyl-2,3,4,5-tet-
rahydro-1,5-benzodiazepine and nitrourea. The product
melts at 131-133°.

Analysis—Calcd. for C;pHiyN3;O: N (basic), 6.39.
Found: N (basic), 6.28. )
" The saturated 3-ethyl substituted benzodiazepine com-
pound was obtained by first reacting o-phenylenediamine
with 2-ethyl substituted malonic ester and then reducing
the intermediate 3-ethyl-2,4-dioxo-2,3,4,5-tetrahydro-1,5-
benzodiazepine with lithium aluminum hydride.

EXAMPLE V

I-carbamyl-2,3 4-trimethyl-2,3,4,5-tetrahydro-1,5-
benzodiazepine

“This was prepared from 2,3,4-trimethyl-2,3,4,5-tetrahy-
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dro-1,5-benzodiazepine and nitrourea. It melts at 171-
172°,

Analysis—Calcd. for CpHgN;O: N (basic), 6.01.
Found: N (basic), 5.98."

The trimethyl benzodiazepine derivative was obtained
by a method analogous to that described in Example ITI
with the starting materials being o-phenylenédiamine and

3-methyl-2,4-pentanedione.
EXAMPLE VI
I-carbamyl-2,3,4,5-tetrahydro-1,5-benzodiazepine

This compound was prepared from 46 g. (0.438 mole)
of nitrourea and 58 g. (0.3914 mole) of 2,3,4,5-tetrahy-
dro-1,5-benzodiazepine as- described previously. There
was obtained 51 g., 68%, of product melting at 172-174°,
This was converted to the monohydrochloride as above
and recrystallized from a mixture of methanol and iso-
propanol; M.P. 211-213°,

Analysis—Calcd. for C;iH;4CINO;: Cl, 15.57; N (bas-
ic), 6.15. Found: Cl, 15.40, N (basic), 6.12.

2,3,4,5-tetrahydro-1,5-benzodiazepine was synthesized
as follows: o-phenylenediamine was treated with p-tolu-
enesulfonyl chloride to give N,N’-bis-p-toluenesulfonyl-
o-phenylenediamine, which was refluxed with trimethyl-

_enedibromide to yield a saturated 1,5-di-p-toluenesulfon-

yl-1,5-benzodiazepine. By hydrolysis 2,3,4,5-tetrahydro-
1,5-benzodiazepine was then obtained.

EXAMPLE VII

I-carbumyl-8-chloro-2-methyl-2,3,4,5-tetrahydro-1,5-
benzodiazepine

(A) Crotonic acid, 70 g. (0.814 mole) and 100. g.
(0.701 mole) of p-chloro-o-phenylenediamine were heat-
ed at 170-180° for one hour and the reaction product,
8-chloro-2-methyl-4-oxo - 2,3,4,5-tetrahydro-1,5-benzodi-
azepine, was crystallized from xylene to give 50 g. (30%)
of product melting at 193-195°.

Analysis—Caled. for C;gH;;CIN,O: N (basic), 6.65.
Found: N (basic), 6.68.

(B) The amide, 42.1 g. (0.2 mole), and 21 g. (0.2
mole) of nitrourea in S00 ml. of isopropanol were heat-
ed to reflux. After. one hour an additional 21 g. of
nitrourea was added, and after three hours another 21
g. of nitrourea was added and the mixture was refluxed
overnight. Crystallization of the product from diethyl-
eneglycol dimethyl ether gave 34 g. of 1-carbamyl-8-
chloro-2-methyl-4-0x0-2,3,4,5 - tetrahydro-1,5 - benzodi-
azepine which melted at 237-238°.

Analysis—Calcd. for C;1H;5,CIN3O,: N, 16.57. Found:
N, 16.55.

(C) Reduction of the amide, 34 g., with 10 g. of
lithium aluminum hydride in 500 mi. of tetrahydrofuran
gave on working up in the well-known manner 12 g.
(37%) of -product melting at 201-203°.

Analysis—Calcd. for C;H,CIN;O: N (basic), 5.84.
Found: N (basic), 5.74. .

) EXAMPLE Vi
1-carbamyl-8-chloro-2,4-dimethyl-2,3 4,5-tetrahydro-
: 1,5-benzodiazepine

This  compound - was prepared from 2,4-dimethyl-8-
chloro-2,3,4,5-tetrahydro-1,5-benzodiazepine and nitrou-
rea.  The product melts at 219-221°.

- Analysis—Calcd. for CipH;4CIN3O: N (basic), 5.52.
Found: N (basic), 5.61.

EXAMPLE IX

1-carbamyl-24,8-trimethyl-2,34,5-tetrahydro-1,5-
benzodiazepine

This was prepared from 2,4,8-trimethyl-2,3,4,5-tetrahy-
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dro-1,5-benzodiazepine and nitrourea. The prodiict melts
at 204-207°.

Analysis—Caled. for Ci3HygN3O: N (basic), 6.01.
Found: N (basic), 6.02.

Compositions which are useful in the practice of our
invention are conveniently and easily produced by com-
bining a compound of the class hereinbefore described
with fillers, carriers, extenders and/or excipients, such as
are generally used in the preparation of pharmaceutical
products which are to be taken orally or given parenter-
ally, especially for human use. The compounds may be
used in the form of the free base or of the salts of acids
which are water-soluble and non-toxic, such as the hy-
drochloride, sulfate and the like. The compositions may
e either in solid or liquid state and may be compounded
as tablets, powders, capsules, suspensions and similar
dosage forms, particularly useful for oral ingestion. In
such form the composition may be prepared by mixing
the foregoing compounds either in the form of a free
base or the water-soluble non-toxic salt, with such com-
mon diluents or tabletting adjuncts as cellulose powder,
cornstarch, lactose, talc, stearic acid, magnesium stearate,
gums and the like, in accordance with conventional man-
ufacturing practices common in the art.

Where the product is to be administered parenterally,
the compounds, preferably in the form of their non-toxic
water-soluble salts, may be associated with such car-
riers as water, saline solution, glucose solution and the
like.

We have found that for oral administration a suitable
dosage unit is from about 50 to 300 milligrams of the
compound per tablet, capsule or other dosage form.
YWhere the material is to be administered parenterally,
then a suitable dosage unit would be from about 25 to 300
milligrams of the active ingredient.

Dosages as above described may be administered as
frequently as conditions demand and it is understood, of
course, that for children the dosages are correspondingly
smaller, depending upon the age and weight of the child,
as those skilled in the art will appreciate.

The following examples will illustrate in detail typical
procedures for preparing a number of representative
dosage unit forms of our compositions in accordance with
this invention:

EXAMPLE X

A pharmaceutical composition having the following
formulation was prepared:

Msg.

1-carbamyl-4-methyl - 2,3,4,5 - tetrahydro-1,5-ben-
zodiazepine 50.0
Lactose 200.0
Magnesium stearate 5.0

The benzodiazepine derivative is mixed with the lactose
and thoroughly wetted with water. The wetted material
is then pressed through a sieve of the desired size and
dried in an oven at about 140° F. When dry, the mag-
nesium stearate is added, and the composition is dry-
mixed thoroughly. The mixed material is then com-
pressed into tablets.

1t will be understood that the above example is only
representative of one specific form of this invention.
Other excipients such as sucrose, sodium chloride, kaolin,
dicalcium phosphate and the like may be used. The
excipient may be present in amounts varying from about
30 to 300 parts by weight, depending upon the final
formulation. Imstead of magnesium stearate as the lu-
bricant, stearic acid, boric acid and the like are operable.

For best results from about 2 to 10 parts by weight of
the Iubricant is used. It will be understood that any of
the diazepine derivatives described above may be used
as the active ingredient of the composition. Depending
on the dosage unit desired, from 50 to 300 parts cf the
desired compound will be used.
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EXAMPLE XI

For capsules the following formulations was used:
Mg.
1-carbamyl-2-methyl-2,3,4,5-tetrahydro - 1,5-ben-
zodiazepine
Lactose 1000.0
Talc 75.0

This material was prepared as described in Example X
above, that is, the diazepine derivative and the lactose
were wetted, sieved, dried and mixed with the tale.
Capsules each containing 50 mg. of the active ingredient
were prepared.

Clinical evaluation of the compounds of this invention
has established their utility as sedative agents. For ex-
zmple, the compound of Example II 1-carbamyl-4-
methyl-2,3,4,5-tetrahydro - 1,5 - benzodiazepine has been
administered orally to 22 mentally retarded patients in
dosages from 50 mg. daily to 800 mg. three times daily.
The optimal activity dose has been found to be approxi-
mately 600 mg. tid. The compound has been found to
have a decided calming effect on behavior of an over-
active caliber and on mildly overactive and aggressive
patients the compound tends to reduce the activity as
well as increase mental acuity, that is, the patient is less
active, more cheerful, and better able to participate in ac-
tivities. To date there have been no observable side reac-
tions in patients being treated with this drug such as
drooling, nasal congestion, diarrhea, photophobia, con-
vulsions, ataxia, Parkinson-like gait, lethargy, sleepiness
or confusion which is so often recorded for similar seda-
tives. Repeated laboratory tests have demonstrated no
abnormal changes in the number or relationship of the
hemapoietic elements, the NPN, thymol turbidity, al-
kaline phosphatase or urinalyses in patients being treated
with the compound.

This application is a continuation-in-part of applica-
tion Ser. No. 701,678, filed December 9, 1957, now aban-
doned.

What is claimed is:

1. The carbamy! substituted benzodiazepine derivative
of the formula: )

500.0

(')ONHa Ilz,
N CH
N
C\
/ R;
7
H Ry

wherein Ry, R, R; and Ry are sclected from the group
consisting of hydrogen and lower alkyl and wherein X is
selected from the group consisting of hydrogen, halogen
and lower alkyl.

2. 1 - carbamyl-2-methyl - 2,3,4,5 - tetrahydro-1,5-ben-
zodiazepine.

3. 1 - carbamyl-4-methyl - 2,3,4,5 - tetrahydro-1,5-ben-
zodiazepine.

4. 1-carbamyl-2,4-dimethyl - 2,3,4,5 - tetrahydro - 1,5-
benzodiazepine.

5. l-carbamyl-3-ethyl - 2,3,4,5 - tetrahydro-1,5-benzo-
diazepine.

6. 1-carbamyl-8-chloro-2-methyl - 2,3,4,5 - tetrahydro-
1,5-benzodiazepine.

7. 1-carbamyl-2,3,4,5-tetrahydro-1,5-benzodiazepine.
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